The end of the cold war has not only resulted in the closure of many nuclear and chemical-weapons production facilities worldwide, but it also left behind a legacy of monumental environmental contamination. Large volumes of wastes containing toxic metals and radionuclides are generated by nuclearand/or fossil-fueled power plants, metal fabrication industries, and by facilities producing nuclear weapons. The principle contaminants of concern are radionuclides, toxic metals, and hazardous organic compounds. It is a major local, regional, and national problem. Remediation and restoration of the contaminated sites has received greater attention as a result of the movement to address global environmental concerns. The cost of remediating contaminated sites is quite staggering. Consequently, new and innovative physical, chemical, and biological methods are being developed for remediation and for long-term management of the radioactive contaminated sites. This chapter will review (i) the basic microbial processes involved in transforming radionuclide and toxic metal contaminants, and, (ii) the promising new and emerging biotechnology for remediating and restoring contaminated soils.
10-1 INTRODUCTION
The end of the cold war has not only resulted in the closure of many nuclear and chemical-weapons production facilities worldwide, but it also left behind a legacy of monumental environmental contamination. Large volumes of wastes containing toxic metals and radionuclides are generated by nuclearand/or fossil-fueled power plants, metal fabrication industries, and by facilities producing nuclear weapons. The principle contaminants of concern are radionuclides, toxic metals, and hazardous organic compounds. It is a major local, regional, and national problem. Remediation and restoration of the contaminated sites has received greater attention as a result of the movement to address global environmental concerns. The cost of remediating contaminated sites is quite staggering. Consequently, new and innovative physical, chemical, and biological methods are being developed for remediation and for long-term management of the radioactive contaminated sites. This chapter will review (i) the basic microbial processes involved in transforming radionuclide and toxic metal contaminants, and, (ii) the promising new and emerging biotechnology for remediating and restoring contaminated soils.
Bioremediation is the use of living organisms to reduce or eliminate environmental hazards resulting from accumulations of toxic chemicals and other hazardous wastes. The predominant organisms used are bacteria, but the potential exists for using fungi, algae, plankton, protozoa, and plants. The technology is based on naturally occurring and genetically engineered microorganisms (GEM). Microbial treatment of contaminated soils, sediments, sludges, and wastes can result in (i) biodegradation of organic constituents to innocuous products; (ii) dissolution, removal, and recovery or precipitation and stabilization of toxic metals and radionuclides; and (iii) overall reduction in the volume of wastes for ultimate disposal. Although the mechanisms of interactions between metal ions and specific microorganisms are known (Beveridge & Doyle, 1989; Hughes & Poole, 1989; Ehrlich & Brierley, 1990) , fundamental information is lacking on specific microbial processes and the biochemical mechanisms involved in the transformations of radionuclides and toxic metals in contaminated soils and waste sites.
